Rise and Fall of SARS-CoV-2 Lineage A.27 in Germany by Calvignac-Spencer, Sébastien et al.
viruses
Article
Rise and Fall of SARS-CoV-2 Lineage A.27 in Germany
Sébastien Calvignac-Spencer 1,* , Matthias Budt 2 , Matthew Huska 3 , Hugues Richard 3 , Luca Leipold 4 ,





Budt, M.; Huska, M.; Richard, H.;
Leipold, L.; Grabenhenrich, L.;
Semmler, T.; von Kleist, M.; Kröger, S.;
Wolff, T.; Hölzer, M. Rise and Fall of
SARS-CoV-2 Lineage A.27 in
Germany. Viruses 2021, 13, 1491.
https://doi.org/10.3390/v13081491
Academic Editors: Manja Marz,
Franziska Hufsky, Alba
Pérez-Cataluña, Walter Randazzo,
Gloria Sanchez and Fernando
González-Candelas
Received: 8 July 2021
Accepted: 24 July 2021
Published: 29 July 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Epidemiology of Highly Pathogenic Microorganisms, Robert Koch Institute, 13353 Berlin, Germany
2 Influenza and other Respiratory Viruses, Robert Koch Institute, 13353 Berlin, Germany; BudtM@rki.de (M.B.);
WolffT@rki.de (T.W.)
3 Methodology and Research Infrastructure, Bioinformatics, Robert Koch Institute, 13353 Berlin, Germany;
HuskaM@rki.de (M.H.); RichardH@rki.de (H.R.)
4 Methodology and Research Infrastructure, Information and Research Data Management, Robert Koch
Institute, 13353 Berlin, Germany; LeipoldL@rki.de (L.L.); GrabenhenrichL@rki.de (L.G.)
5 Methodology and Research Infrastructure, Genome Sequencing and Genomic Epidemiology, Robert Koch
Institute, 13353 Berlin, Germany; SemmlerT@rki.de
6 Systems Medicine of Infectious Disease, Robert Koch Institute, 13353 Berlin, Germany; KleistM@rki.de
7 Infectious Disease Epidemiology, Robert Koch Institute, 13353 Berlin, Germany; KroegerS@rki.de
* Correspondence: CalvignacS@rki.de (S.C.-S.); HoelzerM@rki.de (M.H.)
Abstract: Here, we report on the increasing frequency of the SARS-CoV-2 lineage A.27 in Germany
during the first months of 2021. Genomic surveillance identified 710 A.27 genomes in Germany as
of 2 May 2021, with a vast majority identified in laboratories from a single German state (Baden-
Wuerttemberg, n = 572; 80.5%). Baden-Wuerttemberg is located near the border with France, from
where most A.27 sequences were entered into public databases until May 2021. The first appearance
of this lineage based on sequencing in a laboratory in Baden-Wuerttemberg can be dated to early
January ’21. From then on, the relative abundance of A.27 increased until the end of February but has
since declined—meanwhile, the abundance of B.1.1.7 increased in the region. The A.27 lineage shows
a mutational pattern typical of VOIs/VOCs, including an accumulation of amino acid substitutions in
the Spike glycoprotein. Among those, L18F, L452R and N501Y are located in the epitope regions of the
N-terminal- (NTD) or receptor binding domain (RBD) and have been suggested to result in immune
escape and higher transmissibility. In addition, A.27 does not show the D614G mutation typical
for all VOIs/VOCs from the B lineage. Overall, A.27 should continue to be monitored nationally
and internationally, even though the observed trend in Germany was initially displaced by B.1.1.7
(Alpha), while now B.1.617.2 (Delta) is on the rise.
Keywords: public health surveillance; SARS-CoV-2 variants; viral genomes; molecular sequence
data
1. Introduction
From the beginning of last year, the world has witnessed the emergence and unprece-
dented spread of SARS-CoV-2 which has so far claimed at least 3.5 million lives worldwide
(June 2021, WHO). Viral genome sequencing and subsequent integrated data analyses
proved to be essential [1–4] to track the spread of the virus and to detect emerging muta-
tions as well as variants of concern/interest (VOC/I) that can be associated with antibody
escape or higher transmissibility [5–8].
Since January 2021, the German Electronic Sequence Data Hub (DESH) has been active,
through which all sequencing laboratories in Germany transmit SARS-CoV-2 genome
sequences to the Robert Koch Institute (RKI), Germany’s national public health institute.
This technical platform enables the pooling of sequence data throughout Germany, further
enriched by in-house-sequenced samples as part of the SARS-CoV-2 Integrated Molecular
Surveillance lab-network (IMS-SC2). Data submitted to DESH from sequencing laboratories
across the country, as well as IMS-SC2 sequence data, in combination with additional
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international data from resources such as GISAID [9] or EMBL-EBIs COVID-19 Data
Portal [10], enabled comprehensive genomic surveillance of the pandemic across Germany.
SARS-CoV-2 genomes belonging to the A.27 lineage were already identified in France
in mid-January 2021 and analyzed in the context of other sequences available at that
time, originating from the Comoros archipelago, Western European countries (mainly
metropolitan France), Turkey and Nigeria [11]. In addition, colleagues from the Rhein-
Neckar district in Germany reported a local occurrence and decline of the A.27 variant
in January and March 2021 [12], while Anoh et al. also found A.27 sequences on the rise
in western sub-Saharan Africa between May 2020 and March 2021 [13]. Here, we now
extend these analyses and also use the example of the spread of A.27 in Germany in the
first months of 2021 to show how genomic surveillance enables monitoring of SARS-CoV-2
variants at the national level. A.27 is of particular interest because the lineage shows
a mutational pattern typical of VOIs/VOCs, including an accumulation of amino acid
changes in the spike that are thought to lead to immune escape and higher transmissibility.
2. Materials and Methods
2.1. Genome Reconstruction
In addition to the sequences obtained via DESH, three samples assigned to the A.27
lineage were sequenced directly at the RKI as part of the IMS-SC2 lab-network. Amplicon
sequencing was either performed via Illumina (n = 1) or Nanopore (n = 2) and consensus
genomes were reconstructed using covPipe (Illumina data, unpublished, v3.0.1, https:
//gitlab.com/RKIBioinformaticsPipelines/ncov_minipipe, accessed on 1 May 2021) or
poreCov (Nanopore data, [14], v0.7.8, https://github.com/replikation/poreCov, accessed
on 1 May 2021). For Illumina, amplicon sequencing was performed using the CleanPlex
SARS-Cov-2 Flex amplicon panel on an iSeq 100 system with 150 bp paired-end reads
yielding 283k reads for this sample. Nanopore sequencing was performed using the ARTIC
V3 primer set on a MinION flow cell resulting in 116k and 108k reads per A.27 sample,
respectively. Both sequencing and reconstruction approaches resulted in high-quality
consensus sequences with an N content of 0.40 % (both Nanopore-derived sequences) and
1.64 % (Illumina) per genome.
2.2. Detecting Increase in Proportion
Based on the genomic data, we tested for differences in the proportion of the A.27
lineage using a Fisher exact test. Tests were performed separately for suspect and random
sampling strategies. For each German state, the test was performed on a 2 × 2 count table
showing, for pairs of consecutive calendar weeks (CW), the number of A.27 samples and
the total number of non-A.27 samples in a state. If no A.27 sequences were identified for
a particular federal state in a given week, that week was skipped and sequences from
the next week for that state were considered instead. We chose this approach to be more
conservative in detecting an increase in the proportion. Only states in which A.27 samples
were detected in at least three CW were considered. The obtained set of p-values was then
corrected for multiple testing using a Benjamin-Hochberg procedure, keeping the adjusted
p-values below 0.1.
2.3. Phylogenetic Reconstruction
We used all available A.27 genomes and the selection of A genomes from NextStrain [15]
global build to assemble a dataset for phylogenetic analyses including 718 A.27 genomes
from RKI and GISAID. After excluding low quality/missing sampling date genomes (<90 %
reference genome coverage, >10 non-ACGTN ambiguous positions, >40 SNPs with respect
to NC_045512.2), we aligned a total of 875 genomes with MAFFT using default parame-
ters [16]. We used the resulting alignment to estimate a no-clock maximum-likelihood tree
with IQ-TREE2 [17]. This tree showed a strong temporal signal in a regression of root-to-tip
distance versus time (R2: 0.81) and was therefore used to estimate a time tree using tip
dates only with TreeTime [18].
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2.4. Three-Dimensional Structure of the S Protein
The PyMOL software version 1.7.2.1 [19] was used to label variant residues on the
structure of the spike protein based on the template structure 7kj2 obtained from the Protein
Data Base (www.pdb.org, accessed on 1 July 2021) and provided by [20].
3. Results and Discussion
3.1. Increase of A.27 Cases in Baden-Wuerttemberg, Germany
A total of 377 A.27 genomes from 16 different (mostly European) countries have been
made available on GISAID (as of 10 May 2021). A.27 was first detected in Denmark in
mid-December 2020 but rather 214 genomes were reported from France including 12 from
Mayotte, an overseas region and single territorial collectivity of France. The numbers
might therefore point to an origin of A.27 in France where the lineage may have spread
early. However, A.27 was also found in Côte d’Ivoire (western sub-Saharan Africa) [13]
and Burkina Faso and Togo (based on GISAID sequences) in early 2021, indicating another
possible origin of A.27 in West Africa. In addition, A.27 cases have been reported from
West African countries based on sequencing data from Belgian forces involved in overseas
operations. [21].
Genomic surveillance at the RKI identified 710 sequences belonging to the lineage
A.27 (as of 2 May 2021). The earliest sequence was discovered in a laboratory in Baden-
Wuerttemberg (BW) and occurred in calendar week (CW) 01 in 2021; since then, a vast
majority of A.27 cases in Germany were sequenced in BW (n = 572 to CW16, based on
data through 2 May 2021). The relative abundance of this lineage in the region increased
until CW08 (6.12 %) but has since then decreased (1.21 % in CW13). Meanwhile, the
frequency of the VOC B.1.1.7 kept increasing in the region (5.84 % in CW 03, 71.0 % in CW
14; see corresponding reports at https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_
Coronavirus/DESH/Berichte-VOC-tab.html, accessed on 27 July 2021).
Of the 710 A.27 genomes from Germany, 206 were obtained following a random
sampling strategy, while 271 were collected as ‘suspect samples’ based on variant-specific
PCRs or epidemiological circumstances (remainder unknown). For sequences from both
categories (‘suspect’, ‘random’), the proportion of reported A.27 sequences was compared
between calendar weeks and significant increases were detected (Fisher exact test, adjusted
p-value < 0.1, see Methods). In CW 07–08, we observed a 2.1-fold increase in proportion
among the suspect samples in the BW region, followed the next week by a 3-fold increase
on the set of samples obtained using a random sampling strategy (Figure 1A). Interestingly,
on the random samples and during the same period CW 07–10, Schleswig-Holstein also
showed an impressive 33-fold increase in proportion (Figure 1A) but absolute numbers
were still low (Table 1). Note that no A.27 sequences were detected in CW08 and 09 for
that region.
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Figure 1. (A) Proportion of reported A.27 sequences compared between calendar weeks (CW) and
based on suspect (n = 271) and random sampling (n = 206) strategies. Significant increases in
proportion are marked with a star (adjusted p-value < 0.1). In CW 07–08, we observed a 2.1-fold
increase in the proportion among suspect samples in the BW region and in CW 08–09 among random
samples in the same region. Between CW07 and CW10 we observed an impressive 33-fold increase
in proportion in Schleswig-Holstein among the random samples, however, no A.27 sequences were
detected in CW08 and 09 for that region, and absolute numbers are low. (B) Epidemiological data of
reported cases of lineage A.27 (n = 205) in Germany per age group. Median age of cases was 45 years.
Note that information was not available in the reporting system for all data points, so they may have
no value. In general, no information was available for CW04–06 as of 30 April 2021. (C) Distribution
of cases over federal states based on epidemiological data, 92 % were notified in Baden-Wuerttemberg
(date of reporting: 30 April 2021). Epidemiological data was not available for all federal states.
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Table 1. The number of detected A.27 whole-genome sequences by calendar week (CW) until 2 May 2021 that were either
submitted to the RKI via DESH (n = 707) or directly sequenced at the RKI as part of the IMS-SC2 (n = 3). Data from a random
and suspect sampling strategy are combined. Relative frequencies (in %) in relation to all sequences from the respective CW
are given in parentheses. Later time periods may be biased due to missing data. GER—All of Germany, BW—federal state
of Baden-Wuerttemberg, SW—federal state of Schleswig-Holstein.
CW01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 2021
GER 3 2 7 29 40 53 61 96 79 84 86 65 52 27 18 8 710(1.07) (0.22) (0.32) (0.82) (0.92) (0.89) (0.91) (1.35) (1.02) (0.91) (0.81) (0.62) (0.48) (0.25) (0.14) (0.10)
BW 3 0 6 28 35 52 52 83 76 54 53 51 47 21 9 2 572(2.75) (0.00) (1.34) (4.21) (4.69) (4.47) (4.12) (6.12) (3.98) (2.06) (1.72) (1.64) (1.21) (0.59) (0.29) (0.22)
SH 0 0 0 0 0 0 2 3 0 22 23 4 0 2 3 1 60(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.60) (1.07) (0.00) (6.02) (5.37) (0.99) (0.00) (0.51) (0.67) (0.43)
3.2. Epidemiological Data
For 205 cases reported between CW03 and 14, additional information was available
via the national electronic reporting system for surveillance of notifiable infectious diseases
(SurvNet, implemented in 2001; [22]) (Figure 1B,C; geographic distribution similar to that
seen in the entire dataset, data not shown). Most cases were reported for middle-aged
patients (Figure 1B). Hospitalization was reported in 17 patients, and three died. None of
the 205 reported cases with epidemiologic data originated in Schleswig-Holstein.
3.3. Phylogenetic Analysis of A.27 Genomes
For phylogenetic analysis, we assembled a dataset of 718 A.27 genomes from RKI and
GISAID and a selection of additional A genomes from NextStrain [15] as an outgroup. All
A.27 genomes appeared in a monophyletic group whose most recent common ancestor
(MRCA) was dated to early August 2020 (6 August 2020; Figure 2). However, all but three
basal A.27 sequences formed a clade whose time to MRCA was much more recent, around
late October 2020 (29 October 2020). The tree shows a basal polytomy from which different
clades descend. One clade comprises many sequences originating in France, whereas the
largest clade mainly comprises German sequences (Figure 2).
3.4. Spike Mutations of Interest and Concern in A.27
The A.27 lineage is characterized by a high number of characteristic (lineage-defining)
mutations that are also known from other VOC/VOI (Figure 3C). In total, A.27 harbors 17
lineage-defining mutations (Figures 3A and 4A), seven of which result in non-synonymous
nucleotide substitutions in the spike protein: L18F, L452R, N501Y, A653V, H655Y, D796Y,
G1219V. Among those, three alterations are of particular concern as they are located in
the NTD or RBD epitope regions, respectively, and are suspected to result in immune
escape (L18F, L452R and N501Y) and/or higher infectivity and transmissibility (L452R and
N501Y). Antibody escape data for the RBD, integrating multiple experimental studies [5]
(https://jbloomlab.github.io/SARS2_RBD_Ab_escape_maps, accessed on 3 May 2021),
assign maximum mutation escape scores of 0.97 (L452R) and 0.90 (N501Y) over multiple
antibodies/sera or antibody/serum types.
The polymorphic positions are labeled on the S protein structure (Figure 3B), indicating
the localization of L452R (reduced antibody neutralization [7,8]) and N501Y (related to
increased transmissibility [6]) in the RBD, A653V/H655Y in proximity to the S1/S2 furin
cleavage site at position 681 that promotes infection and cell-cell fusion [23], and D795Y,
closely located to the essential TMPRSS2-cleavage site at position 815 [24].
Viruses 2021, 13, 1491 6 of 11
Figure 2. Phylogenetic analysis of A.27 genomes forming a monophyletic group. We also observed
three basal A.27 genomes missing some of the seven characteristic A.27 spike mutations and showing
no deletions in spike. The most recent common ancestor (MRCA) was dated to 8 August 2020.
The L18F replacement is part of an antigenic supersite in the N-terminal domain of the
spike protein [25]. Antibodies targeting NTD were shown to be less abundant, but more
potent than those targeting RBD [25]. Mutations at this position were selected via in vitro
passaging experiments and showed cross-resistance to monoclonal antibodies targeting
NTD [25]. The S-L18F alteration also appears in VOCs that are associated with immune
escape and reinfection, such as B.1.351 and P.1. Recently, the L452R change in the RBD
also known from B.1.427/429 [26] and B.1.617.2 and its novel sublineages AY.1 and AY.2
(Figure 3C) was suggested to contribute to escaping human leukocyte antigen-restricted
cellular immunity while also increasing the binding affinity to ACE2, thus increasing viral
infectivity and potentially enhancing virus replication [27]. S-N501Y also appears in VOCs
B.1.1.7, P.1 and B.1.351, and may increase infectivity in vitro [28] and appears to confer
resistance against some RBD targeting antibodies (class 1) [29]. The H655Y substitution
adjacent to the S1/S2 cleavage site and also known from P.1 was recently detected in a
potential new VOI within the A lineage (temporarily designated A.VOI.V2) identified from
three cases of incoming travelers from Tanzania to Angola [30].
Importantly, A.27 does not possess the D614G change, which emerged early in the
pandemic and rapidly became dominant. D614G is associated with increased receptor bind-
ing [31] and infectivity [32]. Neither does A.27 contain the likely functionally equivalent
Q613H that is present in A.23.1 [33] (Figure 3C).
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Figure 3. (A) Characteristic (lineage-defining) mutations of A.27 derived from https://outbreak.info.
(B) The trimeric spike protein of SARS-CoV-2 (PDB: 7kj2, [19]) is depicted in complex with its cellular
receptor ACE2. The variant residues of lineage A.27 are labeled on one subunit with the A.27 amino
acids indicated in parentheses. RBD—receptor binding domain. (C) Mutation profiles of selected
VOC/VOI in comparison to A.27 and A.23.1 obtained from https://outbreak.info (accessed on
23 June 2021) [34].
Almost all A.27 genomes have multiple deletions such as ORF3a:del258/259 and
ORF8:del119/120, a few of which are highly conserved (Figures 3 and 4). We also observed
in 58 (8.07 %) of the investigated A.27 genomes a 12 nt long insertion (CTTTCGATCTCT) lo-
cated at position 27,373 near the 3’-end of ORF6. However, all sequences with this insertion
were submitted by a single laboratory via DESH and further investigation showed that the
inserted sequence is similar to a potential primer sequence in the first genomic amplicon.
Therefore, a technical error in the sequencing protocol or in the genome reconstruction
pipeline of the submitting laboratory cannot be excluded.
3.5. Spike Mutations of Interest and Concern in Basal A.27 Lineages
The rare, relatively deep-branching lineages in the phylogenetic tree (Figure 2) prompted
us to check the mutation profile of the corresponding three genomes (Figure 4, GISAID
accessions: EPI_ISL_1170076, EPI_ISL_1567985, EPI_ISL_1353586). None possessed all
the seven aforementioned non-synonymous mutations in spike, nor any of the frequently
observed deletions (Figure 4). Intriguingly, one of the genomes (EPI_ISL_1567985) encoded
S-L452R, S-N501Y, and S-G1219V associated with six other amino acid changes in the spike
(A570D, D614G, P681H, T716I, S982A, I1221V), most interestingly comprising D614G and
also P681H (Figure 4B). While we report here on these three unusual A.27 genomes, further
analysis is required also on their raw sequencing data to confirm the observed changes that
distinguish these sequences from standard A.27.
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Figure 4. (A) Characteristic mutations leading to 17 amino acid alterations or deletions in A.27
genomes with a prevalence of at least 75 %. Figure obtained and adjusted from [35]. (B) Overview of
spike substitutions and high-frequency deletions in ORF3a, ORF6, and ORF8 in genomes assigned
the A.27 lineage via pangolin. Frequencies are calculated based on the set of 718 A.27 genomes as
used for the tree in Figure 2. Among “standard” A.27 genomes harboring all seven spike mutations
and the three prevalent deletions, we also found three genomes that show a varying mutation profile
in the spike and missing all three high-frequency deletions. While the deletion on ORF6 at position
63 is listed with a high frequency (higher 75 %) on outbreak.info (accessed on 24 May 2021), we only
observe a frequency of 8.2 % in our data set based on a detection via NextStrain. * EPI_ISL_1353586 is
not yet available on GISAID due to rejection of the sequence because of a frameshift.
4. Conclusions
Here, we report the increasing frequency of the SARS-CoV-2 lineage A.27 in Germany,
particularly in the federal state of Baden-Wuerttemberg (BW), in January and February
2021. The origin of A.27 is still unclear. In the context of genomic surveillance in Côte
d’Ivoire (western sub-Saharan Africa) between May 2020 and March 2021, Anoh et al. also
detected cases of A.27 sequences in early 2021 [13]. To investigate Africa as a possible origin,
we searched the complete GISAID database (downloaded on 20 July 2021) for sequences
submitted from African countries since 1 December 2020 and assigned to A.27. While the
number of submitted sequences from Africa is still low, we found hits for A.27 in eleven
African countries, eight of which are in West Africa. Among them, Togo (21.87 %), Burkina
Faso (8.82 %), and Côte d’Ivoire (4.83 %), as well as Tunisia (12.96 %, North Africa) showed
higher prevalence of A.27 which is in line with results from Pirnay et al. First cases of A.27
sequences were detected 21 December 2020 in Togo, 22 December 2020 in Burkina Faso,
and 2 February 2021 in Tunisia, which fits the time period we observed A.27 in Germany if
we assume an earlier origin in West Africa. Thus, we speculate that West Africa may be the
origin of the A.27 lineage, which may also explain why early and higher numbers of this
specific lineage were first discovered in France and Mayotte. However, we must consider
sparse sampling strategies and other caveats (random vs. suspect sampling, travel history,
sequencing capacity, overall reporting, and data availability). Therefore, further analyses
are needed to fully elucidate the origin of the SARS-CoV-2 A.27 lineage.
Since A.27 shows mutations associated with both higher transmissibility and reduced
antibody reactivity, we suggest that enhanced monitoring is warranted on both national and
international levels. The A.27 lineage was indeed continuously detected in other European
countries (France, Slovenia and the United Kingdom). However, the observed trend in BW
clearly showed that A.27 was initially displaced by B.1.1.7 (Alpha) while now B.1.617.2
(Delta) is on the rise and should be monitored closely. Based on genomic data obtained
via a random sampling strategy, we also found a significant increase in the proportion
of A.27 sequences between CW 07-10 in the federal state of Schleswig-Holstein. Finally,
Viruses 2021, 13, 1491 9 of 11
our analyses identified rare but clearly divergent genomes assigned to A.27, suggesting
the current definition of the lineage probably needs to be reexamined. One of these rare
genomes combines a D614G background and several mutations of concern and should
therefore also be monitored.
Author Contributions: Conceptualization, S.C.-S. and M.H. (Martin Hölzer); Methodology, S.C.-S.,
M.B., M.H. (Matthew Huska), H.R., M.H. (Martin Hölzer); Investigation, S.C.-S., M.H. (Matthew
Huska), H.R., M.v.K., T.W., S.K., M.H. (Martin Hölzer); Data Curation, M.H. (Matthew Huska), M.H.
(Martin Hölzer); Writing—Original Draft Preparation, M.H. (Martin Hölzer); Writing—Review &
Editing, all authors contributed in reviewing and editing the final manuscript version; Visualization,
S.C.-S., M.B., H.R., S.K., M.H. (Martin Hölzer); Project Administration, S.C.-S., T.S., M.H. (Martin
Hölzer); DESH data provision, L.G., L.L. All authors have read and agreed to the published version
of the manuscript.
Funding: The IMS-SC2 network and DESH were funded by direct support from the German Federal
Ministry of Health (BMG). M.v.K. acknowledges funding from the German ministry for education and
research (BMBF) through grants 01KI2016 and 031L0176A, as well as through the ITN ViroInf. M.H.
appreciates the support of the Joachim Herz Foundation by the add-on fellowship for interdisciplinary
life science. The funders had no role in designing the research or the decision to publish.
Data Availability Statement: A.27 consensus genome sequences used in this study and obtained via
DESH were uploaded to GISAID and the EMBL-EBI COVID-19 Data Portal (PRJEB44987). Note, that
due to sequencing or reconstruction errors (e.g., causing frameshifts) not all A.27 genome sequences
obtained via DESH could be uploaded to GISAID immediately. For example, EPI_ISL_1353586
could not be uploaded to GISAID due to an incorrectly masked deletion at position 28,252 causing a
frameshift. Once potential errors in the sequences are fixed, which currently prevent uploading, the
remaining sequences will also be made publicly available on GISAID. Meanwhile, all sequences and
metadata obtained via DESH are uploaded daily to doi.org/10.5281/zenodo.5139363 (accessed on
27 July 2021) including also all A.27 sequences used in this study.
Acknowledgments: We gratefully acknowledge the authors from the originating laboratories re-
sponsible for obtaining the specimens and the submitting laboratories where genetic sequence data
were generated and shared via DESH (German Electronic Sequencing Data Hub) and GISAID, on
which this research is based. We thank the data management team (MF4) and the DESH team at
RKI for data handling and sharing, as well as the sequencing unit (MF2) for in-house sequencing in
the context of the Integrated Molecular Surveillance SARS-CoV-2 (IMS-SC2). We thank all members
of the bioinformatics team at RKI (MF1) involved in SARS-CoV-2 data handling, analyses, and
reporting and particularly Oliver Drechsel for dealing with GISAID data uploads and Stephan Fuchs
for fruitful discussions. We thank Jonas Fuchs for a helpful exchange, especially about the likely
sequence insertion artifact found in a subset of the A.27 genomes.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.
References
1. Hufsky, F.; Lamkiewicz, K.; Almeida, A.; Aouacheria, A.; Arighi, C.; Bateman, A.; Baumbach, J.; Beerenwinkel, N.; Brandt, C.;
Cacciabue, M.; et al. Computational strategies to combat COVID-19: Useful tools to accelerate SARS-CoV-2 and coronavirus
research. Briefings Bioinform. 2021, 22, 642–663. [CrossRef] [PubMed]
2. COG-UK. An integrated national scale SARS-CoV-2 genomic surveillance network. Lancet Microbe 2020, 1, e99. [CrossRef]
3. Oh, D.Y.; Kröger, S.; Wedde, M.; Hartkopf, F.; Budt, M.; Seifried, J.; Radonic, A.; Belarbi, E.; Hölzer, M.; Böttcher, S.; et al.
SARS-CoV-2-Varianten: Evolution im Zeitraffer. Dtsch. Arztebl. 2021, 118, 388–394.
4. Vavrek, D.; Speroni, L.; Curnow, K.J.; Oberholzer, M.; Moeder, V.; Febbo, P.G. Genomic surveillance at scale is required to detect
newly emerging strains at an early timepoint. medRxiv 2021. [CrossRef]
5. Greaney, A.J.; Starr, T.N.; Gilchuk, P.; Zost, S.J.; Binshtein, E.; Loes, A.N.; Hilton, S.K.; Huddleston, J.; Eguia, R.; Crawford, K.H.D.;
et al. Complete Mapping of Mutations to the SARS-CoV-2 Spike Receptor-Binding Domain that Escape Antibody Recognition.
Cell Host Microbe 2021, 29, 44–57.e9. [CrossRef] [PubMed]
6. Liu, Y.; Liu, J.; Plante, K.S.; Plante, J.A.; Xie, X.; Zhang, X.; Ku, Z.; An, Z.; Scharton, D.; Schindewolf, C.; et al. The N501Y spike
substitution enhances SARS-CoV-2 transmission. BioRxiv 2021. [CrossRef]
Viruses 2021, 13, 1491 10 of 11
7. Deng, X.; Garcia-Knight, M.A.; Khalid, M.M.; Servellita, V.; Wang, C.; Morris, M.K.; Sotomayor-González, A.; Glasner, D.R.; Reyes,
K.R.; Gliwa, A.S.; et al. Transmission, infectivity, and antibody neutralization of an emerging SARS-CoV-2 variant in California
carrying a L452R spike protein mutation. medRxiv 2021. [CrossRef]
8. Li, Q.; Wu, J.; Nie, J.; Zhang, L.; Hao, H.; Liu, S.; Zhao, C.; Zhang, Q.; Liu, H.; Nie, L.; et al. The Impact of Mutations in
SARS-CoV-2 Spike on Viral Infectivity and Antigenicity. Cell 2020, 182, 1284–1294.e9. [CrossRef]
9. Shu, Y.; McCauley, J. GISAID: Global initiative on sharing all influenza data—From vision to reality. Euro Surveill. 2017, 22, 30494.
[CrossRef]
10. Harrison, P.W.; Lopez, R.; Rahman, N.; Allen, S.G.; Aslam, R.; Buso, N.; Cummins, C.; Fathy, Y.; Felix, E.; Glont, M.; et al. The
COVID-19 Data Portal: Accelerating SARS-CoV-2 and COVID-19 research through rapid open access data sharing. Nucleic Acids
Res. 2021, 49, W619–W623. [CrossRef] [PubMed]
11. Colson, P.; Levasseur, A.; Delerce, J.; Pinault, L.; Dudouet, P.; Devaux, C.; Fournier, P.E.; La Scola, B.; Lagier, J.C.; Raoult, D.
Spreading of a new SARS-CoV-2 N501Y spike variant in a new lineage. Clin. Microbiol. Infect. 2021. [CrossRef]
12. Mallm, J.P.; Bundschuh, C.; Kim, H.; Weidner, N.; Steiger, S.; Lander, I.; Börner, K.; Bauer, K.; Hübschmann, D.; Benes, V.; et al.
Local emergence and decline of a SARS-CoV-2 variant with mutations L452R and N501Y in the spike protein. medRxiv 2021.
[CrossRef]
13. Anoh, E.A.; Schubert, G.; Wayoro, O.; Pacôme, M.; Belarbi, E.; Sachse, A.; Calvignac-Spencer, S.; Leendertz, F.; Diané, B.;
Akoua-Koffi, C. SARS-CoV-2 variants of concern, variants of interest and lineage A.27 are on the rise in Côte d’Ivoire. medRxiv
2021. [CrossRef]
14. Brandt, C.; Krautwurst, S.; Spott, R.; Lohde, M.; Jundzill, M.; Marquet, M.; Hölzer, M. poreCov—An easy to use, fast, and
robust workflow for SARS-CoV-2 genome reconstruction via nanopore sequencing. Front. Genet. 2021.10.3389/fgene.2021.711437.
[CrossRef]
15. Hadfield, J.; Megill, C.; Bell, S.M.; Huddleston, J.; Potter, B.; Callender, C.; Sagulenko, P.; Bedford, T.; Neher, R.A. Nextstrain:
Real-time tracking of pathogen evolution. Bioinformatics 2018, 34, 4121–4123. [CrossRef]
16. Katoh, K.; Standley, D.M. MAFFT multiple sequence alignment software version 7: Improvements in performance and usability.
Mol. Biol. Evol. 2013, 30, 772–780. [CrossRef]
17. Minh, B.Q.; Schmidt, H.A.; Chernomor, O.; Schrempf, D.; Woodhams, M.D.; von Haeseler, A.; Lanfear, R. IQ-TREE 2: New
Models and Efficient Methods for Phylogenetic Inference in the Genomic Era. Mol. Biol. Evol. 2020, 37, 1530–1534. [CrossRef]
18. Sagulenko, P.; Puller, V.; Neher, R.A. TreeTime: Maximum-likelihood phylodynamic analysis. Virus Evol. 2018, 4, vex042.
[CrossRef]
19. DeLano, W.L. PyMOL: An open-source molecular graphics tool. CCP4 Newsl. Protein Crystallogr. 2002, 40, 82–92.
20. Xiao, T.; Lu, J.; Zhang, J.; Johnson, R.I.; McKay, L.G.A.; Storm, N.; Lavine, C.L.; Peng, H.; Cai, Y.; Rits-Volloch, S.; et al. A trimeric
human angiotensin-converting enzyme 2 as an anti-SARS-CoV-2 agent. Nat. Struct. Mol. Biol. 2021, 28, 202–209. [CrossRef]
21. Pirnay, J.P.; Selhorst, P.; Hong, S.L.; Cochez, C.; Potter, B.; Maes, P.; Petrillo, M.; Dudas, G.; Claes, V.; Van der Beken, Y.; Verbeken,
G.; Degueldre, J.; Dellicour, S.; Cuypers, L.; T’Sas, F.; Van den Eede, G.; Verhasselt, B.; Weuts, W.; Smets, C.; Mertens, J.; Geeraerts,
P.; Ariën, K.K.; André, E.; Neirinckx, P.; Soentjens, P.; Baele, G. Variant Analysis of SARS-CoV-2 Genomes from Belgian Military
Personnel Engaged in Overseas Missions and Operations. MDPI Viruses 2021, 13, 1359.
22. Krause, G.; Altmann, D.; Faensen, D.; Porten, K.; Benzler, J.; Pfoch, T.; Ammon, A.; Kramer, M.H.; Claus, H. SurvNet electronic
surveillance system for infectious disease outbreaks, Germany. Emerg. Infect. Dis. 2007, 13, 1548–1555. [CrossRef] [PubMed]
23. Papa, G.; Mallery, D.L.; Albecka, A.; Welch, L.G.; Cattin-Ortolá, J.; Luptak, J.; Paul, D.; McMahon, H.T.; Goodfellow, I.G.; Carter,
A.; et al. Furin cleavage of SARS-CoV-2 Spike promotes but is not essential for infection and cell-cell fusion. PLoS Pathog. 2021,
17, e1009246. [CrossRef] [PubMed]
24. Bestle, D.; Heindl, M.R.; Limburg, H.; Van Lam van, T.; Pilgram, O.; Moulton, H.; Stein, D.A.; Hardes, K.; Eickmann, M.; Dolnik,
O.; et al. TMPRSS2 and furin are both essential for proteolytic activation of SARS-CoV-2 in human airway cells. Life Sci. Alliance
2020, 3. [CrossRef] [PubMed]
25. McCallum, M.; De Marco, A.; Lempp, F.A.; Tortorici, M.A.; Pinto, D.; Walls, A.C.; Beltramello, M.; Chen, A.; Liu, Z.; Zatta, F.; et
al. N-terminal domain antigenic mapping reveals a site of vulnerability for SARS-CoV-2. Cell 2021, 184, 2332–2347. [CrossRef]
[PubMed]
26. Shen, X.; Tang, H.; Pajon, R.; Smith, G.; Glenn, G.M.; Shi, W.; Korber, B.; Montefiori, D.C. Neutralization of SARS-CoV-2 Variants
B.1.429 and B.1.351. N. Engl. J. Med. 2021, 384, 2352–2354. [CrossRef] [PubMed]
27. Motozono, C.; Toyoda, M.; Zahradnik, J.; Ikeda, T.; Saito, A.; Tan, T.S.; Ngare, I.; Nasser, H.; Kimura, I.; Uriu, K.; et al. An emerging
SARS-CoV-2 mutant evading cellular immunity and increasing viral infectivity. BioRxiv 2021. [CrossRef]
28. Kuzmina, A.; Khalaila, Y.; Voloshin, O.; Keren-Naus, A.; Boehm-Cohen, L.; Raviv, Y.; Shemer-Avni, Y.; Rosenberg, E.; Taube, R.
SARS-CoV-2 spike variants exhibit differential infectivity and neutralization resistance to convalescent or post-vaccination sera.
Cell Host Microbe 2021, 29, 522–528.e2. [CrossRef]
29. Wang, Z.; Schmidt, F.; Weisblum, Y.; Muecksch, F.; Barnes, C.O.; Finkin, S.; Schaefer-Babajew, D.; Cipolla, M.; Gaebler, C.;
Lieberman, J.A.; et al. mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants. Nature 2021, 592, 616–622.
[CrossRef] [PubMed]
Viruses 2021, 13, 1491 11 of 11
30. De Oliveira, T.; Lutucuta, S.; Nkengasong, J.; Morais, J.; Paixão, J.P.; Neto, Z.; Afonso, P.; Miranda, J.; David, K.; Inglês, L.; et al.
A novel variant of interest of SARS-CoV-2 with multiple spike mutations detected through travel surveillance in Africa. medRxiv
2021. [CrossRef]
31. Ozono, S.; Zhang, Y.; Ode, H.; Sano, K.; Tan, T.S.; Imai, K.; Miyoshi, K.; Kishigami, S.; Ueno, T.; Iwatani, Y.; et al. SARS-CoV-2
D614G spike mutation increases entry efficiency with enhanced ACE2-binding affinity. Nat. Commun. 2021, 12, 848. [CrossRef]
[PubMed]
32. Zhang, L.; Jackson, C.B.; Mou, H.; Ojha, A.; Peng, H.; Quinlan, B.D.; Rangarajan, E.S.; Pan, A.; Vanderheiden, A.; Suthar, M.S.;
et al. SARS-CoV-2 spike-protein D614G mutation increases virion spike density and infectivity. Nat. Commun. 2020, 11, 6013.
[CrossRef] [PubMed]
33. Bugembe, D.L.; V.T.Phan, M.; Ssewanyana, I.; Semanda, P.; Nansumba, H.; Dhaala, B.; Nabadda, S.; O’Toole, Á.N.; Rambaut,
A.; Kaleebu, P.; et al. A SARS-CoV-2 lineage A variant (A.23.1) with altered spike has emerged and is dominating the current
Uganda epidemic. MedRxiv 2021. [CrossRef]
34. Mullen, J.L.; Tsueng, G.; Latif, A.A.; Alkuzweny, M.; Cano, M.; Haag, E.; Zhou, J.; Zeller, M.; Matteson, N.; Andersen, K.G.; et al.
SARS-CoV-2 Lineage Comparison from outbreak.info. Available online: https://outbreak.info/compare-lineages (accessed on
23 June 2021)
35. Mullen, J.L.; Tsueng, G.; Latif, A.A.; Alkuzweny, M.; Cano, M.; Haag, E.; Zhou, J.; Zeller, M.; Matteson, N.; Andersen, K.G.; et al.
A.27 Lineage Report from outbreak.info. Available online: https://outbreak.info/situation-reports?pango=A.27 (accessed on
25 April 2021).
